ULTRASONIC INVESTIGATION OF ANISOTROPIC VISCOSITIES
Résumé. 2014 Nous avons mesuré à 15 MHz la partie réelle R et la partie imaginaire X de l'impédance de cisaillement du cristal liquide nématique p-n-pentyl p'-cyanobiphényle (PCB). Nous avons observé que R est égal à X. Ce résultat nous a permis de déduire certains des coefficients de friction de la théorie de Ericksen-Leslie et de vérifier l'égalité de Rapini.
Abstract. 2014 The real part R and the imaginary part X of the shear impedance for the nematic liquid crystal p-n-pentyl p'-cyanobiphenyl (PCB) were measured at 15 MHz. R and X are found to be equal in the nematic phase. Anisotropic viscosity coefficients are deduced from these measurements and the Rapini equality is verified. 1. Introduction. - We present measurements of both real (R ) and imaginary (X) parts of the ultrasonic shear impedance of the chemically stable nematic liquid crystal PCB (p-n-pentyl p'-cyanobiphenyl). We found R and X to be equal within our experimental errors. From these measurements we deduced the effective viscosities flA' fiB and nc (see Fig. 1 ) which are related to the Leslie coefficients [1] . We also found that the viscosity fiB is equal to the viscosity nc. From a theoretical point of view, this equality derived by A. Rapini is based on the Onsager relations [2] . Thus, as pointed out by de Gennes [3] , this equality provides a direct check on the validity Eq. (3) shows that R and X respectively, are determined mainly by the changes in amplitude, r, and phase, Q, and the accuracy of X is almost entirely governed by the phase change T. Usually T is very small, typically 20, and to be useful a method must have a fractional phase resolution of the order of one part in 10' .
In this study we have compared Rand X. Thus, this comparison is significant only if X is known with an accuracy comparable to that of R. For this reason we now give some information about the method used to determine Q accurately. Further details are given in ref. [8] . Measurements [7] . For our studies, we used commercialy available PCB [10] . The nematic-isotropic transition temperature was 35.2°C. Orientations A and B (see Fig. 1 [11] . In contrast, one observes in the nematic phase that R ~ X. In fact, as figure 2 shows, X is slightly lower than R, but we believe this result to be a characteristic of the apparatus because the same difference was observed for dibutylphthalate (see Table II ). Since R ~ X in the nematic phase, the relaxation corresponding to the fluctuations of the orientational order parameter S is not observed, althought the fluctuations are roughly symmetric about Tc [15] . In fact, in the nematic phase the fluctuations of S involve a change in relative orientations of the molecules without change in the director. For this reason one can expect that the influence of the fluctuations in S on the anisotropic viscosities is weak (except, perhaps, near the transition). However, in the isotropic phase the situation is completely different since the motion of the principal axis cannot be separated from that of S. These results confirm our earlier study [1] on MBBA where we measured only the real part R of the shear impedance and deduced the effective viscosities l1A and l1B assuming that the imaginary part X is equal to the real part R. At the same time, these measurements on MBBA agree well with measurements done by capillary viscosimetry and by light scattering from the free surface. Near the transition, however, a difference between the ultrasonic and the light scattering results was observed [16] . This difference may be due to the relaxation corresponding to fluctuations in S.
The non-relaxing behaviour of PCB being accepted, the effective viscosity coefficients can be deduced from our measurements, using formula (2) . The theoretical analysis of the experiment is reported in our previous paper [1] ] and shows that the nematic fluid behaves exactly like an ordinary fluid of viscosity lIA, lIB and qc, depending on the geometrical conditions. In terms of the Ericksen-Leslie theory, the calculation leads to the following relations [1, 3] The viscosity coefficients 11A and qc as a function of 1000/ T are shown in figure 4 together with the capillary viscosity. We observe that the viscosities r¡A (1) The results in the isotropic phase together with flow-induced birefringence results are discussed in the next paper [12] . This effect is probably related to the non-hydrodynamic relaxation of the director.
